Xantliomonas campestris pv. glycines is the causal agent of bacterial pustule disease of soybeans. The objective of this work was to construct a nonpathogenic mutant derived from the pathogenic wild-type strain YR32 and to evaluate its effectiveness in preventing growth of its parent on the soybean phyllosphere. A mini-Tn5-derived transposon was used to generate nonpathogenic mutants. Southern hybridization and pulsed-field gel electrophoresis confirmed tlie presence of a single transposon in each of tlie nonpathogenic~niutants. o n e of the nonpathogenic mutants, M715, failed to induce a hypersensitive response in tomato leaves. An ice nucleation gene (inaZ) carried in pJL1703 was introduced into strain YR32 a s a reporter gene to demonstrate that the presence of M715 could reduce colonization of the soybean pl~yllosphere by YR32. de Wit serial replacement analysis showed that M715 competed equally with its wild-type parental strain, YR32. Epiphytic fitness analysis of YR32 in the greenhouse indicated that the population dynamics of strains R 3 2 , YR32(pJL1703), and M715 were similar, although the density of the mutant was slightly less than that of its parent. The M715 mutant was able to survive for 16 days after inoculation on soybean leaves and maintained population densities of approximately lo4 to lo5 cells g (fresh weight) of l e a f '. Therefore, M715 shows promise as a n effective biocontrol agent for bacterial pustule disease in soybeans.
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Bacterial diseases are among the most serious problems in soybean production since they reduce the total production of this important protein-producing legume. Xa~ztlzor~zonas canzpestris pv. glycines causes bacterial pustule disease on soybeans worldwide (17, 22) . Although this bacterium is widely known as X. carnpestris pv. glycines, following DNA-DNA hybridization analysis, Vauterin et al. (28) have reclassified it as X. auonopodis pv. glycines.
Various soybean production technologies such as specific planting, soil and nutrient management strategies, and the use of pathogen-free soil and seeds have resulted in a reduction in pests and diseases. Disease-resistant plants have also been introduced. However, our recent finding that X. campestris pv.
glycines strains exhibit very diverse genotypes as shown by DNA fingerprinting (18) may complicate efforts to construct or select soybean plants resistant to all strains of X. campestris pv.
glycines because breeding may need to take account of this diversity if resistance is to be achieved against all strains. In addition, the inappropriate use of antibacterial pesticides can cause health and environmental problems because of antibiotic residues in thp_ environment, or it can cause the emergence of bacterial resistance in plant and human pathogens. Therefore, a reliable biocontrol agent may be a promising alternative for control of bacterial pustule disease in soybeans.
Certain groups of bacteria, such as Pseudomonas, Xanthonzonas, and Elwinia spp., are present normally on leaves. Nonpathogenic members of these groups have been used as potential biocontrol agents (8). Lindow (1 1) reported that two different strains of bacteria located on the same leaf surface could compete for the same nutrient sources or habitats. H e also reported that the competition for nutrients or space among microorganisms may play an important role in determining the population density of phyllosphere bacteria. However, the use of randomly selected antagonistic bacteria may result in a loss of biocontrol when environmental conditions change, as different bacterial strains or species may respond differently to these changing conditions. An alternative approach would be to use nonpathogenic, isogenic mutants of the wild type, as these would be expected to behave similarly to the parent strain, provided the loss of virulence did not compromise fitness ability. An isogenic mutant would be expected to reduce the population of its parent in the same habitat through competition under a range of conditions. There has been relatively little work published to test this concept, although isogenic mutant strains of Pseudornorlas syringae which lack a certain factor were reported to reduce the proliferation of their wild-type strains on the phylloplane (2, 3,6, 14) . The construction of isogenic, nonpathogenic strains of X. campestris pv.
glycines would also be a mechanism to study factors affecting survival and epiphytic fitness on the phylloplane, as well as offering the potential use of the mutant strains to suppress bacterial pustule disease on soybean plants.
! n this study, we used transposon mutagenesis to generate a nonpathogenic mutant of X. can~pe.stris pv. glycines and then analyzed its competitive ability and epiphytic fitness in planta, using an ice nucleation gene (~n a Z ) as a reporter n~olecule.
MATERIALS AND METHODS
Bacterial strains and plasmids. Bacterial strains and plasmids used in this work and their relevant characteristics are described in Table 1 .
Growth conditions and media. X. campestris pv. glycines YR32, YR32(Ice+), and the nonpathogenic mutant M715 (Table 1) were grown routinely in LuriaBertani broth (LB) at pH 7.0 or on YDCA (10 g of yeast extract, 5 g of dextrose 20 g of CaCO,, and 15 g of agar per liter) at 32°C. Escherichia coli strains were cultured at 37°C in LB. The Pseudomonasfluorescens strain was grown at 26°C in nutrient agar (NA; 10 g of Lab-Lemeo powder, 10 g of peptone, 5 g of sodium chloride, and 15 g of agar per liter). Antibiotics were supplemented when appropriate at concentrations of 30 (chloramphenicol), 25 (kanamycin), and 100 (rifampin and trimethoprim) ~g ml-'.
